Our previous histopathological study showed that the augmentation block, prepared from a calcium phosphate cement (CPC) mixed with H2O at powder to liquid ratio of 5g/mL, placed on the alveolar bone ridge, was gradually replaced by natural bone.
In the present study, fluorescent labeling analysis (FLA) and electron probe microanalysis (EPMA) were performed on the same surgical site of the above histopathological study. Fluorescent labeling agents, that would be incorporated into newly formed mineralized tissues, were injected into dogs intramuscularly twice a week during the 3 week period that ended 1 week before sacrifice.
The specimens obtained from the block were subjected to FLA for assessing the extent of new bone formation and to EPMA for measuring the elemental (Ca, P, Mg) distributions. FLA results showed the presence of newly formed bone at 1 month after surgery.
EPMA results showed that the elemental distributions in the augmentation site were similar to those of the residual bone area at 6 months after surgery.
FLA and EPMA examinations also indicated that the implants were surrounded and fixed by natural bone chronologically. A CPC augmentation block is clearly useful for alveolar ridge augmentation and osteointegrated implant fixation.
INTRODUCTION
Firmly anchored osteointegrated implant may be affected by bone conditions indicating a deformity of the morphology or the quantity of normal alveolar bone1-3). Fresh autogenous bone graft in conjunction with dental implant procedures have been applied to patients with insufficient width and height of the residual alveolar bone. However, these procedures required a high volume of bone to be removed from the subjects, usually from the iliac bone or mandibular anterior alveolar bone. Therefore, other studies have focused on the use of synthetic bone grafts in dental implant procedures4-6).
Previous studies reported that the chemical reaction of a calcium phosphate cement (CPC), consisting of Ca4(PO4)2O and CaHPO4, proceeded under the pH range from 7.4 to 9, and CPC was nearly converted to hydroxyapatite (HA) within 24h in an aqueous environment7-9).
Increase of alkaline phosphatase activity, which is closely related to new bone formation10), indicated enhanced osteoconductivity in the presence of CPC11-16). Our recent study17) employed a CPC augmentation block as the bone graft in conjunction with the dental implant procedure and evaluated the osseous generation around dental implant under a light microscope following the CPC grafting procedure. This study showed that the CPC augmentation block was gradually replaced by newly formed bone tissues. However, these light microscopic evaluations had some difficulties evaluating the new bone formation at the contact area between the augmentation block and residual bone, fluorescent labeling analysis (FLA) and electron probe microanalysis (EPMA) were performed to identify these new bone formations using the ridge augmentation procedure in conjunction with implant placement. 
MATERIALS AND METHODS
The study protocol was reviewed and approved by the institutional review board. Mature (4 to 5 years old) beagle dogs were used in this study. The outline of the study is illustrated in Fig. 1 . Materials used in this study are shown in Table 1 . The CPC consisted of an equimolar amount of tetracalcium phosphate and dicalcium phosphate anhydrous.
At the beginning of the experiment, all mandibular premolar teeth of mature beagle dogs were extracted.
After one month of healing, alveolar bone was reduced to make a space for a CPC block that was prefabricated from CPC mixed with water at a powder/liquid ratio of 5g/mL.
After an additional month, 8mm long hydroxyapatite coated titanium implants were placed such that the apical half was embedded into alveolar bone and the coronal half was in the preformed CPC block (Fig.2) .
Fluorescent labeling agents, that would be incorporated into newly formed mineralized tissues, were injected intramuscularly twice a week during a 3 week period that ended 1 week before sacrifice (Fig. 3) 
RESULTS
Findings of the sections without implant: One month after surgery Newly formed woven bone, which was immature new alveolar bone, was observed in the portion adjacent to the residual bone (RB) at the crest level of the augmentation area (AA). CPC block was slightly replaced by newly formed bone (NB). The augmentation block area was an incomplete union with RB surface. Some sections showed that osseous tissues extended into AA from RB (Fig. 4-a) . Electron probe microanalysis (EPMA) evaluation showed that a lower density of each element (Ca, P and Mg), which indicated immature bone, was observed on the crest AA or on the RB surface in one month after surgery ( Fig. 5-a) .
Three months after surgery The augmentation area was partially replaced by trabecular bone (TB). NB was presented on AA and was much thicker than that of 1 month sections (Fig. 4-b) . These findings were also confirmed by EPMA observations (Fig. 5-b) .
Six months after surgery The augmentation block was nearly completely replaced with cortical bone (CB) and TB. CB area was still thin on the coronal AA, but TB was markedly developed on the cancellous bone areas. The cancellous architecture was almost entirely converted with thin trabecular network (Fig. 4-c) , which was identified by EPMA observations (Fig. 5-c) .
Findings of the sections including implants: One month after surgery Residual bone (RB) was contacted to the implant surface on the apical area. Newly formed bone (NB) was generated on RB or the implant surface. The CPC augmentation block was partially resorbed and replaced by NB (Fig. 6-a) . Fluorescent labeling analysis (FLA) confirmed that the space between the implant surface and the coronal surface of RB was partially occupied by NB (Fig. 7-a) . Yellow line, stained by injection of Tetracycline (TC) at 3 weeks before sacrifice, was found on the outer surface of RB and adjacent implant surface. The NB was basically labeled by TC, but NB formed on the more coronal area, was stained to light green-labeled by Calcein (CA) or orange-labeled by Alizarin complexone (AC). It should be noted that the unlabeled bone or tissue showed dark green color due to their excitation wave of the fluorescent microscope used in this study. NB formation should have already occurred in the CPC block augmentation area within 1 month after surgery. EPMA results also showed that the NB formation was presented on the more coronal area of the original bone, and was directly contacted to the implant surface.
Mg element, only shown in bone tissues because the CPC did not include Mg originally, was already found in augmentation area (AA) (Fig. 8-a) .
Three months after surgery The augmentation block was mostly replaced by NB. The implant was surrounded by RB and newly formed osseous tissues. Almost half of the augmentation block on the surface of RB or around the implant surface was replaced by NB (Fig. 6-b) . However, FLA results showed that the implant surface was already contacted with the newly formed TC labeled bone and the crest level of RB was AC labeled immature bone (Fig. 7-b) . These findings were also confirmed by EPMA observations (Fig. 8-b ).
Six months after surgery A sagittal section including implants showed well-formed osseous tissues. The implant was completely covered by normal bone tissues. Since bone had proliferated above the level of the healing screw, the implant was surrounded by bone or bone marrow with a normal morphology. CPC augmentation block including implant was completely replaced with normal bone tissues. The implant surface was surrounded and completely covered by well-mineralized mature bone (Fig. 6-c) .
The bone surrounding the implant or proliferating above the level of the healing screw showed negligible fluorescent labeling line because these bones had already been remodeled 3 weeks before sacrifice (Fig. 7-c) . EPMA results showed that the augmentation block was completely converted to bone and was integrated with the implant surface. Other findings obtained from EPMA indicated that the density and distribution of each element (Ca, P and Mg) in AA were similar to those of RB (Fig.  8-c) . All of the experiments showed that AA was converted to natural bone at 6 months after surgery.
DISCUSSION
The results reported in our previous study17) showed that the CPC ridge augmentation block was gradually replaced by natural bone. Electron probe microanalysis (EPMA) and fluorescent labeling analysis (FLA) in this study indicated that the CPC ridge augmentation block was gradually replaced by natural bone and also showed that osteointegrated implants were covered and firmly fixed by natural bone chronologically. Fluorescent examinations showed that newly formed bone tissues were already remodeled within 2 weeks after surgery. However, this finding could not be confirmed by our former histopathological study17 CONCLUSIONS 1) Newly formed bone (NB) was already present in the augmentation area (AA) of 1 month after surgery. FLA indicated that NB was formed within 2 weeks after operation. 2) CPC augmentation block was gradually replaced by NB tissues. 3) Six months after surgery, AA was nearly completely replaced by natural bone. 4) FLA and EPMA confirmed previous histopathological findings of this study. 5) The clinical procedure employed in this study was clearly useful for vertical ridge augmentation and implant procedure.
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